Increasing experience with major hepatic resections has stimulated the development of improved resectional techniques and tools. A new high velocity water jet dissector is reported which offers significant advances over previously developed ultrasonic and low pressure water jet machines. It has been successfully used in 8 major hepatic resections with minimal blood loss, excellent visibility and without complications. The dissector is also of value in the exposure of intrahepatic bile ducts for biliaryenteric anastomosis.
INTRODUCTION
Major hepatic resection for a variety of conditions, and in particular for the management of benign and malignant liver tumours, can now be carried out with an acceptable mortality and morbidity. Recent trends include the performance of more major resections, especially for large liver tumours, and the development of techniques for segmental resection and for resection in patients with cirrhotic livers.
The mortality amd morbidity of hepatic resection is largely due to haemorrhage, either during or after operation and the major intraoperative problem is control of haemorrhage. In particular while haemorrhage arising from the hepatic artery or portal vein is usually easily controlled, hepatic venous haemorrhage remains a threat, especially for large tumours encroaching on the vena cava or hepatic veins.
All methods of hepatic parenchymal transection are directed towards isolation and control of the vascular elements arising from the portal pedicles and of the major veins draining the liver into the vena cava. Methods of gaining such control include extrahepatic dissection of the elements of the portal pedicles, pedicular control, retrohepatic and suprahepatic control of the hepatic veins or intraparenchymal dissection. Vascular isolation of the liver is practiced by some. Many surgeons use a combination of these techniques1'2.
The most commonly used method of dividing the parenchyma is by the finger fracture method, originally described by Lin We have developed a high pressure, high velocity water jet instrument (Table 1) which offers a range of advantages over earlier methods of hepatic parenchymal dissection (ME Medical Exports AG, Normannenstr. 8, Berne, Switzerland). The purpose of this report is to detail this machine and to briefly refer its initial clinical application not only in major hepatic resection but also in the intrahepatic exposure of bile ducts for biliary enteric anastomoses in clinically difficult situations in which the well described methods of intrahepatic ductal exposure are hazardous or ineffective.
Equipment and Technique
The instrument consists of an hydrodynamic device for the elimination of parenchymal tissue so as to expose vascular and ductal structures. The system comprises a pressurized liquid source feeding via a flexible hose to a hand piece from which a fine nozzle extends ( Figure 1) . The nozzle has a diameter of either 20 or 70 u. 
CLINICAL APPLICATION
There are a variety of clinical settings in which this machine might prove useful but we have confined ourselves in our initial experience to hepatobiliary surgery and in particular an application of the machine during liver resection and for the exposure of intrahepatic bile ducts for biliary-enteric anastomosis.
Liver Resection
The system has been employed for 8 (Figure 4) and that the machine was particularly helpful in defining the major veins draining the liver and especially in the definition of the right portal pedicle during extended left hepatectomy. The machine allows dissection of even quite firm and fibrous tissue when held close to the parenchyma. In particular the machine was extremely useful where tumour came to lie close to major veins and this advantage was particularly evident in extended left hepatectomy and also in one of the segmental resections in which a recurrent tumour (following previous extended left hepatectomy) was found to lie in very close proximity to the remaining right posterior sectoral pedicle. Indeed in this case it was even possible to individually identify the vessels feeding the tumour and to ligate these separately.
The mean time for routine right hepatic resection or left hepatic resection in our department is approximately four hours and for extended left hepatectomy five hours. The number of cases in which we have tried using the new technique is not sufficient for full assessment but certainly there was not any prolongation of operating time. Blood loss for right or left hepatectomy or extended right hepatectomy averages some 500 ml for operations in which the tumour does not encroach on major vessels of the hilus or in the region of the vena cava but is somewhat higher for larger tumours in close proximity to these structures. The blood loss Figure 4 Operative photograph showing jet of water displaying intraparenchymal structures which can then be safely clipped and ligated. encountered during trial of the machine was within these limits except for extended left hepatectomy in which it is our initial impression that it was reduced and that operation was facilitated.
Biliary-enteric Anastomosis Biliary-enteric bypass for malignant obstruction at the hilus of the liver can be effected by well established techniques using the ligamentum teres approach12'13'14. Other approaches include the Longmire-Sandford operation 2'15 which necessitates a removal of the peripheral part of segment II and III of the liver in order to gain access to the intrahepatic ducts. The former operation may not be possible where tumour is found to infiltrate to the base of the ligamentum teres or where an anatomical distortion caused by hypertrophy of the left liver in the presence of right liver atrophy makes access to the umbilical fissure difficult. The Longmire operation is not easily performed and is a relatively major procedure.
In such patients an alternative approach is to carry out a more limited removal of parenchyma either on the left or the right liver so as to expose an intrahepatic duct for anastomosis.
In four patients we have used the jet-dissector to create access for biliary-enteric anastomosis to intrahepatic bile ducts. In three of these patients hilar cholangiocarcinoma was extending to the left and required a segment III approach and in the fourth patient a cholangiolar hepatocellular carcinoma was causing high biliary obstruction, rendering convential approaches impossible. Percutaneous transhepatic intubation is used regularly in our department but was considered unsuitable in these patients.
The jet-dissector was used to expose an area of some 3 cm on the lower surface of the left liver within segment III. It was found that the liver parenchyma could be gently washed away exposing a tree of peripheral branches of the segment III bile duct. It was possible to create a sufficiently wide anastomosis (2 cm length) to a peripheral duct. In one of these patients the approach was just to the left of the umbilical fissure in order to expose the main segment III duct as described by Soupault1.
The procedure was accomplished with minimal blood loss and enabled an effective anastomosis to be performed.
DISCUSSION
The new instrument has proved, during our initial experience, to be helpful and allow accurate exposure of major blood vessels so that they can be easily controlled. The (Figure 3b ) and suggested the addition of vascoactive drugs in the perfusate to further increase its hemostatic properties.
However the pressure applied could only be manipulated by altering the pressure in the pumping system. In comparison to these experiences the water jet dissector here reported offers a range of advantages. The small outlet of only 0.02 u and a specially designed nozzle produces a water jet which alters its pressure in accordance to the distance from the tip of the nozzle. The required pressure can therefore be easily adjusted by moving the hand to and fro. The flow of water is small, so that even in major extended hepatic resection the volume of fluid used is only 200-300 ml. The danger of absorption of fluid into the circulation is obviated. The production of microdroplets provides excellent visibility in the operating field. A recently introduced device using a water jet dissection to disrupt the liver parenchyma has now been improved by Blumgart 
